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Phase 1: Preliminary Study
A complete literature survey, statement of
problems, and preliminary theoretical studies resulting
in a detailed outline of the tests of Phase 2 and de-
sign of specimens.
Duration: 9 months
Phase 2: Static Tests on Large Scale, Thin Web, Welded Plate Girders
On the basis of the preliminary study (phase 1)
a pair of plate girders will be designed and tested
incorporating as many variables as possible in the one
test assembly. The.girders will be tested together,
connected by cross and lateral bracing to prevent
lateral buckling. In this way the behavior under static
loading of splices, web to flange connections, stiffeners
(horizontal and vertical, one- and two-sided) can be
investigated and whenever possible compared with theore-
tical predictions.
Duration: 15 months
In this statement, major emphasis is given to the pre-
liminary study and the large size static tests. In the next two
sections these two phases will be discussed in more detail.
For the sake of completeness, the possibilities of large-
scale fatigue tests are discussed in the Appendix to this state-
ment. Aside from their value toward answering questions concerning
the fatigue performance of such structures, results would be
valuable in the design of details for the static tests.
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A literature survey undoubtedly will supply valuable
information on problems encountered with the design and construc-
tion of welded plate girders. Quite a number of highway and even
railroad bridges have already been constructed using welded plate
girders. However, failures occurred in some of them as in the
bridge across the "Hardenbergstrasse" in Berlin, built in 1935
and, after severe cracks were observed, replaced by a riveted
structure in 1938(1). Another example ~s the "Three Rivers Bridge "
in Canada(2). The structures failed in a brittle manner but it
should be pointed out that there are two reasons for this type of
failure which are basically completely different~
1. Brittleness of the material due to welding (Depends
on the chemical composition of the steel).
2. Occurrence of three dimentional states of tensile
stress (Details and welding procedure such that
three dimensional states of stress are induced).
With the new ASTM specification A373-54T for structural steel
for welding most of the concern about the first cause of brittle
fracture is eliminated. Proper detailing and welding procedures
are of vital importance to avoid brittle fracture due to the
second cause (three-dimensional states of stress).
The "Tannvald" bridge (3) of the Swiss Railroads is
a very good example of such proper detailing. Great care has
been given to avoid fatigue failure. The bridge contains two
three-span continuous girders with three equal spans of 118 ft.
A cross-section of the g~rders and ashep splice is .shown in
Fig. I. Except for the field splices the girders are welded.
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The clear depth to thickness ratio of the web (d/w) is 222 and
the web has been reinforced by a one-sided longitudinal stiffener.
When webs are welded against relati.vely thin flanges,
the latter are known to deform as shown in Fig. 2a. However,
thick flanges will deform and stresses are induced (Fig. 2b).
Also in the longitudinal direction, large residual stresses may
occur at the junction of web and flange (Fig. 3). Thus all
conditions for brittle fracture are satisfied. Moreover welding
of a thick web against a relatively thick flange will present
its problems because of the difference in the amount of heat re-
quired for flange and web. Connecting the web to the flange by
means of an angle as shown in Fig. I may solve some of these
problems. Fillet welds of web-flange connections should be
designed to transmit the shear forces between flange and web.
Due to restraint provided by the joined material,
transverse tensile stresses in tension flanges will occur when
the ends of vertical stiffeners are welded against the flange
(Fig. 4). Welding of partial-length cover plates to the flanges
has a similar effect. Fatigue tests will show the effect of these
restraints and indicate whether or not such details must be
avoided in design.
A detailed discussion on three-dimensional stresses
in welded plate girders as a cause for brittle fracture is given
by Hartmann (4) •
Stability problems become important with the applica-
tion of thin webs and deep girders as in new "Cologne-Deutz"
bridge(5). The central span of this three-span continuous struc-
ture is 605 ft. High tensile steel was used for the girders
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which were assembled by automatic welding. The depth of the
main girders varies between 10 ft. at the center of the span
and 25 ft. 6 in. at the supports. In order to prevent the 5/8-in.-
thick web from buckling, vertical and horizontal stiffeners have
been provided. Some panels contain as many as four horizontal
stiffeners. It is interesting to compare the total web depth-
to-thickness ratio of the web (d/w = 487) of this bridge with
the 1953 AASHO specifications which allow d/w = 270 with one
horizontal stiffener. The three-span continuous riveted plate
girders of the Hackensack River Bridge(6) satisfy these conditions.
The AREA and AASHOl specifications limit the clear depth-to-thickness
ratio of webs to 170 thus avoiding horizontal stiffeners. Only
when the stresses of the extreme fibers of the section are reduced,
are slightly larger d/w ratios allowed in the AREA specifications.
The stability problem of plates reinforced by stiffeners
has been treated theoretically by Timoshenko(7), Bleich(8),
Moisseiff and Lienhard(9), and others. Some experimental work on
web buckling has been carried out by Massonnet(lO) but he states
that further research is needed with regard to the actual behavior
of stiffeners. This should include one-sided stiffeners as these
may be used from an aesthetical point of view. Furthermore, for
bUildings it may be possible to depend on post-buckling strength
of webs (tension field girders).
Summarizing, the following problems should be considered
in the preliminary study~
A. Structural Details (avoid three-dimensional states of stress)
1. web-flange connections (shear transfer and problems of
welding)
2. flange splices
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3. flanges reinforced by additional plates (partial-
length cover plates)
4. web splices
5. stiffener-web connections
6. stiffener-flange connections.
B. Stability Problems
1. vertical stiffeners (one and two-sided)
2. horizontal stiffeners (one and two-sided)
3. post-buckling strength (tension-field girders)
4. lateral-torsional buckling
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III. S TAT leT EST SON
LARGE - S I Z E GIRDERS
A P A I R
(p HAS E
o F
2)
As part of the preliminary study (Phase 1) a pair of
large size, welded plate girders will be designed to be tested
statically. In tne design a considerable number of variables
should be included regarding web thickness, splices, stiffening
details, welding procedure, etc. Some structural details maY
perform very well when subjected to static loading but may be
very poor with regard to fatigue. In addition to these, details
especially designed for fatigue loading should be included.
When testing a single girder, special consideration
must be given to lateral supports to avoid lateral buckling. A
simpler test set-up is obtained by testing two girders connected
by cross and lateral bracing to prevent lateral buckling as
schematically shown in Fig. 5. At the same time this scheme
offers possibilities of loading the main girders in a realistic
manner.
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Fig. 6 showa an example of a 90 ft. long, 8 ft. deep
welded plate girder. Flanges are 12 x 4 in. 2 • Testing a pair
of these girders requires a machine capacity of about 2,500,000
lbs.; thus only one half of the available capacity will actually
be needed.
Such girders offer excellent opportQnities to incorporate
different kinds of web-flange connections, field and shop splices,
stiffening devices, etc. Also the web thickness may be varied
along the girders. In the example of Fig. 6, a thickness of
w = 1/2 in. would give a clear depth-to-thickness ratio of 176;
with w = 3/8 in., d/w = 235; and with w = 1/4 in.: d/w = 350.
Testing procedure would be such that when part of the structure
failed, the test would be interrupted for repairs. On further·
loading, another part would fail requiring, again, restoration.
This sequence would continue until the final maximum load would
be reached. In this manner the behavior of many details can be
investigated in a single test, a procedure commonly used by
aeronautical structural laboratories.
Webs loaded in shear can be allowed to buckle while
the load is then carried by diagonal tension in webs and compres-
sion of the vertical stiffeners.
Furthermore, the difference in behavior of one and
two-faded stiffeners can be investigated (see Figs. 4 and 6).
Two kinds of tests are anticipated with a pair of
girders:
1. Tests With1h the Elastic Range: By measuring deflections
of webs and stiffeners, critical loads can be determined
(for instance by plotting &/p vs. ~ (S = deflection; P =.
load) according to a method proposed by Southwell).
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Comparing these results 1JJ'lth theoretical predictions will
clear up the actual behavior of thin \'J'ebs and of different
kinds of one and two-sided horizontal and vertical stiffer.lerso
2. Destruction Tests ~ Allowing part~~ of th,e structure to fail
and then i.nterrupting the test for repairs wi,11 fu:r'nish
information correspondi.ng to many destruction tests.
Typical cross-sections are shown in Figs 0 6d and 6e.
Two possible web and flange splices are shown in Figs. 6b and 6co
Two web-flange connections are shown in Figs 0 6d and 6e together
with possible stiff'ener~web connections. Stiffener-flange details
are shown in Figs. 4 and 6eo
IV. EVALUATION
By a compariE.on between theoretical predictlons and
the results of the tests that have been discussed, it will be
possible to determine whether or not improvements may be realized
in the design. of' welded plate girderso
Where possible, specific design procedu.res will be
recommended, based on the resu.lts of the study.
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Phase 1: Exploratory Study of Nine Months
1. Full-time Research Assistant
2. Part-tim~ help (drawing, etc.)
3. Supervision
4. Clerical help
Total of salaries
5. Overhead 33 1/3 %* of salaries and wages
6. Preparation of reports, drawings
7. Miscellaneous, Travel, Meetings
Total
$ 3,000
800
350
500
$ 8,450
**Phase 2: Static Test on Pair of Full~Size Girders (15 months)
1. Salaries and Wages (including overl}ead),
,
consumable materials, reports, and
miscellaneous
-$ 30,000
2. Pair of girders and cross-bracing 15,000
(
. 3. Supports and loading structure 5,000
Total j 50,000
Total P~ogram (2 years) $ 58,450
* The current overhead rate for Lehigh University has been
established b~ negotiation with the Army Audit Agency, Phila-
delphia, at 68.96% of salaries and wages. The acceptance of
a nominal rate of 33 1/3 %represents part of the University's
contribution to this research program.
** Tentative statement sUbject to revision during Phase 1.
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Fatigue Tests Concerning Structural Det§ils
From small-scale fatigue tests carried out at the
University of Illinois a wealth of information is already avail-
able with regard to the strength of welds. However, information
on the behavior of complete structural details could be obtained
from large-scale tests at Lehigh. Web and flange splices (field
and shop;, web to flange connections, stiffening details should
be tested, shOWing the effect of three-dimensional states of
stress.
The following types of tests can now be performed:
1. Tension Tests: Using the 220,000 Ibs. Amsler Testing
Machine plates of 7 in. 2 cross-sectional area can be tested
with stresses alternating from 0 to 30,000 psi. This
offers possibilities for dynamic investigation of flange
splices, flanges reinforced by additional plates, the
effect of web-stiffeners welded against the flanges. Some
examples of possible tests are shown in Fig. 7.·
2. Bending Tests:
a. Third Point Loading: An example is given in Fig. 8
where the center part of a 17 ft. long, 18 in. deep
section with flanges of 8 x 1 1/2 in. 2 is SUbjected
to pure bending •. During the loading cycle the stress
of the extreme fiber varies between the dead load
stress cro and cro + 25,000 psi (live load stress r
cr = 25,000 psi). This test set-up will give· the
opportunity to investigate::.·
splices
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stiffening details
load .application in different manners,etco
b. Center Point Loading: . An example is given in Fig. 9.
The girder is 33 in. deep, 22 ft. 6 in. long with
flanges of 8 x 1 1/2 in. 2 • Live load stresses at
the center section are again 25,000 psi.
3. Shear Tests: can be performed using either third-point or
center-point loading. The total shear force in the end
sections of the girders is 110,000 Ibs. Taking a variation
of the shear stresses from 0 to 17,000 psi gives a web area
of 6 1/2 in. 2 • Thus webs with dimensions 3/8 x 17 in. 2,
1/4 x 26il) .?~ ·etc. ,can be tes.ted.
The above examples have been computed on the basis. of large
stress variations during each loading cycle, corresponding to
high live-load stresses. Smaller live-load stresses naturally
will result in larger test specimenso
The fatigue tests would require about 12 months and
cost about $ 30,000.00.
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Fig. 2 Web-Flange Conneetion
(Transverse Residual Stresses)
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Fig. 3 Web-Flange"Conneet1on(Longitudinal Residual Stresses)
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Fig. 4 Stiffener-Flange Connections
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Fig. 5 Test Set-Up (Schematic)
..--
, ,.
.
..
~~
-1.0'
..\,pl
~~ ~~
-
..
~=====O=h=e=_=S="d=e=d=,_=~ '=,=II=e=,,=e=,..s='===============::!::::=============#],
I
....
\J\
\
'18
e
II
4-
II
I~6e
.
/2
-
'-
\ 'I --
"""'I
8
I
""
.. Ve:t~/;'~
'"C I
I
.' ,
/l\ 1.
- ..6c 6d
Fig. 6 Static Test
0 f£~ t'j6/1
lJ :>
-16
Fig. 7 Examples of Tension Tests
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Fig. 8 Bending Test (Third-Point Loading)
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Fig. 9 Bending Test (Center-Point Loading)·
